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(54) Blade insert 

(57) An exemplary embodiment of the invention is a 
gas turbine engine blade spacer has an axially extend- 
ing backbone (300), spaced apart forward, mid and aft 
dovetail lands (302, 304 and 308), respectively, dis- 
posed along the backbone, the backbone (300) and the 
forward, mid, and aft dovetail lands (302, 304 and 308) 
having bottom curved backbone surfaces (31 0). Each 
of the forward, mid and aft dovetail lands has a riser 
(312) that extends above the backbone (300) and has 
a riser flat top (314). In the exemplary embodiment dis- 
closed herein, a spacer tab (320) extends generally ax- 
ially forward of the forward land (302) and includes in- 
tersecting axially and radially extending tab apertures 
(316 and 318). A void (330) extends around the back- 



bone (300) and between the forward and aft dovetail 
lands (302 and 308) and the void filled with an elasto- 
meric material (332). The spacer has a constant shape 
and size cross-section between the forward and aft 
dovetail lands. The invention has a particular use with 
circular arc dovetail slots and roots for which the spacer 
is a circular arc shaped spacer and the backbone (300), 
and the forward, mid and aft dovetail lands (302, 304 
and 308) are curved along a circular arc normal to and 
about a radial axis (RA). The spacer tab (320) has a rec- 
tangular cross-section (321 ) , extends axially out of a for- 
ward face (322) of the forward land (302), and has a tab 
flat top (324) that is co-planar with the riser flat tops 
(314) of the risers (312). 
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Description 

[0001 ] The present invention relates generally to gas 
blade spacers that are disposed beneath dovetail roots 
of blades within dovetail slots in gas turbine engine as- 
semblies and, more particularly, to such spacers for fan 
assemblies having fan blades with circular arc dovetail 
roots that mate in circular arc dovetail slots in a disk of 
a fan rotor. 

[0002] A turbofan gas turbine engine used for power- 
ing an aircraft in flight includes a fan assembly having a 
plurality. of. circumferentially spaced apart fan blades ex- 
tending radially outwardly from a rotor disk. Ambient air- 
flow is channeled between the blades and pressurized, 
thereby, generating thrust for powering the aircraft in 
flight. The fan assembly typically includes a plurality of 
circumferentially spaced apart fan blades, each having 
a dovetail root disposed in a complementary, axlally ex- 
tending dovetail groove or slot in a perimeter or rim of a 
rotor disk. The dovetail slots are defined by dovetail 
posts and are complementary in configuration with the 
blade dovetail roots for radially retaining the blades to 
the rotor disk. The blades are also axial ly retained in the 
rotor disk to prevent axial movement of the blades in the 
upstream and downstream directions. A spacer fills the 
balance of the space below the blade root within slot. 
[0003] During a bladeout event, a blade or portion of 
blade is released and impacts the first trailing blade ad- 
jacent the damaged blade causing the first trailing blade 
to rotate circumferentially. The present invention is par- 
ticularly useful for fan assemblies with circular arc dove- 
tail roots and slots. This makes the dovetail load up on 
point locations which jeopardized the integrity of the 
dovetail. The blade needs to be prevented from rotating 
too much and loading the comers up. When the blade 
tends to rotate, the spacer gets pinched between the 
bottom of the blade root and the bottom of the slot in the 
disk, thus, preventing rotation. The rotational moment is 
shared by a majority of the pressure face instead of on 
the comer points of the dovetail root. 
[0004] A fan disk assembly for a low radius hub design 
incorporating a circular arc dovetail root and slot to en- 
sure an adequate footprint and load path into the disk 
has been developed. This design is used for increasing 
the airflow through the fan blades to increase the thrust 
without increasing or holding to a limit of a tip of the fan 
blade. An inner flowpath boundary, often referred to as 
the hub, is moved radially inwardly from an existing en- 
gine design or the engine is originally designed to have, 
what is referred to as, a low radius hub. Conventionally, 
a radial transition portion is a transition from a curved 
blade section at the flowpath to a straight shank at the 
top of the dovetail. Due to the low inner diameter of the 
flow path, the radial transition portion of the fan blade 
from the aerodynamic or curved portion of the blade to 
the dovetail root is significantly shortened. It is highly 
desirable to have an improved spacer for a low radius 
hub design which incorporates a circular arc dovetail 



root and slot to ensure adequate blade retention for the 
first trailing blade adjacent the damaged blade during a 
bladeout event. 

[0005] According to the present invention a gas tur- 

s bine engine blade spacer has an axially extending back- 
bone spaced apart forward, mid and aft dovetail lands, 
respectively, disposed along the backbone, the back- 
bone and the forward, mid, and aft dovetail lands having 
bottom curved backbone surfaces. Each of the forward, 

10 mid and aft dovetail lands has a riserthat extends above 
the backbone and has a riser flat top. in the exemplary 
embodiment disclosed, herein, a spacer tab. extends, 
generally axially forward of the forward land and in- 
cludes intersecting axially and radially extending tab ap- 

15 ertures. A void extends around the backbone and be- 
tween the forward and aft dovetail lands and the void 
filled with an elastomeric material. The spacer has a 
constant shape and size cross-section between the for- 
ward and aft dovetail lands. 

20 [0006] The invention has a particular use with circular 
arc dovetail slots and roots for which the spacer is a cir- 
cular arc shaped spacer and the backbone, and the for- 
ward, mid and aft dovetail lands are curved along a cir- 
cular arc normal to and about a radial axis. The spacer 

25 tab has a rectangular cross-section, extends axially out 
of a forward face of the forward land, and has a tab fiat 
top that is co-planar with the riser flat tops of the risers. 
[0007] In one particular embodiment, the invention is 
a spacer in a gas turbine engine rotor disk assembly 

30 having a number of annular hubs circumscribed about 
a centerline, each of the hubs connected to a disk rim 
by a web, and a plurality of circumferentially spaced 
apart dovetail slots disposed through the rim. The dove- 
tail slots extend circumferentially between disk posts, 

35 axially from a forward end to an aft end of the rim, and 
radially inwardly from a disk outer surface of the rim. A 
plurality of fan blades have dovetail roots which are dis- 
posed in the dovetail slots and corresponding ones of 
the blade spacers which are disposed in the dovetail 

40 slots between a dovetail slot bottom wall and an axially 
extending root bottom surface of each of the dovetail 
roots. Circumferentially extending annular burst slots 
extend radially through the rim into the dovetail slots be- 
tween each adjacent pair of the webs. The forward, mid, 

45 and aft dovetail lands, respectively, are located along 
the backbone such that the burst slots are located be- 
tween the forward, mid, and aft dovetail lands. 
[0008] In yet a more particular embodiment of the in- 
vention, pairs of circumferentially oppositely facing re- 

so taining slots extend through overhangs of circumferen- 
tially adjacent pairs of the disk posts at an axial location 
where the overhangs begin extending axially forward 
from the rim. Retainers are disposed in the pairs of re- 
taining slots and extend across the dovetail slot so as 

55 to axially retain the dovetail roots in the dovetail slots. 
Each of the retainers is radially supported by a corre- 
sponding one of the spacers and each of the retainers 
includes a rectangular slot through which is disposed a 
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corresponding one of the spacer tabs. Each retainer in- 
cludes a shelf radially below the slot and upon which the 
spacer tab rests. A radially extending shelf aperture is 
disposed through the shelf and aligned with the radially 
extending tab aperture. A spacer bolt having a spacer 5 
bolt head and a threaded spacer bolt shank is disposed 
through the shelf aperture and the radially extending tab 
aperture such that the spacer bolt head engages the 
shelf. A spacer nut is threadingly secured on the spacer 
bolt shank such that the spacer nut engages the spacer io 
tab. 

[0009] The novel, features believed characteristic of 
the present invention are set forth and differentiated in 
the claims. The invention is more particularly described 
in conjunction with the accompanying drawings in 15 
which: 

FIG. 1 is a cross-sectional view Illustration of a for- 
ward section of a turbofan gas turbine engine, partly 
in section, illustrating an exemplary fan assembly 20 
of the present invention. 

FIG. 2 is an exploded perspective view illustration 
of a fan rotor in the fan assembly illustrated in FIG. 
1. 25 

FIG. 3 is a perspective view illustration of a fan disk 
in FIG. 1. 

FIG. 4 is an enlarged cross-sectional view illustra- 30 
tion of the fan disk in FIG. 3. 

FIG. 5 is across-sectional view illustration of the fan 
disk rotor illustrated in FIG. 2 mounted to a booster 
rotor section of the forward section of the turbofan 35 
gasturbine engine illustrated in FIG. 1. 

FIG. 6 is a forward looking aft perspective view il- 
lustration of a spinner of the fan rotor illustrated in 
FIG. 1. 40 

FIG. 7 is an aft looking forward perspective view il- 
lustration of the spinner of the fan rotor illustrated 
in FIG. 1. 

45 

FIG. 8 Is an enlarged cross-sectional view illustra- 
tion of the spinner of the fan rotor illustrated in FIG. 
1. 

FIG. 9 is a cross-sectional view illustration of a so 
dovetail slot in the fan disk in FIG. 3. 

FIG. 10 is an enlarged perspective view illustration 
of a portion of the fan disk in FIG. 3. 

55 

FIG. 11 is across-sectional view illustration of a low- 
er portion of the fan blade with fan blade lightening 
holes mounted in the dovetail slot in the fan disk in 



FIG. 1. 

FIG. 12 is an enlarged perspective view illustration 
of a forward portion of the fan disk in FIG. 10. 

FIG. 1 3 is a perspective view illustration of a spacer 
in the dovetail slot of the fan disk in FIG. 10. 

FIG. 1 4 is a perspective view illustration of a forward 
portion of the spacer in FIG. 13 engaged with a re- 
tainer in the fan disk in FIG. 1 . 

«■ •> 

FIG. 15 is a forward looking aft perspective view il- 
lustration of the retainer in FIG. 14. 

FIG. 16 is an aft looking forward perspective view 
illustration of the retainer in FIG. 14. 

FIG. 17 is a cross-sectional view illustration of for- 
ward seal and aft seals in the fan disk in FIG. 1 . 

FIG. 18 is a radially inwardly looking sectional view 
illustration of the forward seal in FIG. 17. 

FIG. 19 is a forward looking aft perspective view il- 
lustration of a fan platform of the fan rotor illustrated 
in FIG. 1 . 

FIG. 20 is a radially inwardly looking sectional view 
illustration of the fan platforms assembled on the 
fan rotor illustrated in FIG. 1. 

FIG. 21 is a radially outwardly looking perspective 
view illustration of the fan platform illustrated in FIG . 
19- 

FIG. 22 is a cross-sectional view illustration of the 
spacer through line 22-22 in FIG. 13. 

FIG. 23 is a cross-sectional view illustration of the 
spacer through line 23-23 in FIG. 13. 

FIG: 24 is a cross-sectional view illustratron of the' 
spacer through line 24-24 in FIG. 13. 

FIG. 25 is an enlargement of the portion of the of 
the fan disk within the phantom line circle in FIG. 5. 

FIG. 26 is an exploded perspective view illustration 
of seals on the fan platform illustrated in FIG. 20. 

FIG. 27 is a cross-sectional view illustration of the 
platform through line 27-27 in FIG. 26. 

FIG. 28 is an enlargement of the portion of the fan 
disk within the phantom line 28 of FIG. 4. 

FIG. 29 is an enlargement of the bolt plate assembly 
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including the carriage bolt 37 of FIG. 1.. 

[0010] Illustrated schematically in FIG. 1 is a forward 
portion of an aircraft turbofan gas turbine engine 10 in- 
cluding an exemplary embodiment of a rotor assembly 
of the present invention in the form of a fan assembly 
12 which is rotated by a fan drive shaft 14 powered by 
a low pressure turbine (not shown). The fan assembly 
1 2 includes a fan rotor disk 1 6 from which extends radi- 
ally outwardly a single axially located row 1 8 of circum- 
ferentially spaced apart fan blades 20. Disposed down- 
stream of the fan assembly 1 2 is a conventional booster 
compressor 26 having axially spaced apart rows of 
booster vanes 22 and rows of booster blades 24 mount- 
ed on a rotatable booster spool 28. An annular mounting 
plate 29 has annular pluralities of radially inner aper- 
tures 1 74, radially outer apertures 208, and radially mid 
apertures 23 radially located between the radially inner 
apertures and outer apertures. The annular mounting 
plate 29 is bolted or otherwise fixedly connected to the 
booster spool 28 with a plurality of plate bolt assemblies 
25. Each of the plate bolt assemblies 25 (FIG. 29) has 
a carriage bolt 37 disposed through one of the mid ap- 
ertures 23 and one of a plurality of spool apertures 19 
in the booster spool 28. Each of the carriage bolts 37 
has a bolt head 21 engaging the mounting plate 29 and 
attached to a shank 476 with a threaded free end 478 
and a smooth portion 480 between the bolt head 21 and 
the free end 478. The smooth portion extends through 
the mid aperture 23 and the spool aperture 1 9. The car- 
riage bolt 37 is secured by a countersunk nut 33 
screwed onto the free end 278 to connect the booster 
spool 28 to the plate 29. Interference fits between the 
countersunk nuts 33 and the mounting plate 29 holds 
the nuts in place when the bolt heads 21 are torqued to 
tighten the plate bolt assemblies 25. 
[001 1] The mounting plate 29 is fixedly connected to 
the rotor disk 16 by a plurality of inner bolt assemblies 
30 as shown in more particularity in FIGS. 5 and 17. 
Thus, the booster spool 28 is connected to the rotor disk 
16 via the mounting plate 29 and the mounting plate is 
considered part of the booster spool. The booster spool 
and the fan disk are rotated by a turbine (not shown) 
through the fan drive shaft 14. The fan drive shaft 14 is 
rotatably supported within static structure or frame 38 of 
the engine by a thrust bearing 43. 
[001 2] Referring further to FIGS. 2 and 3, each of the 
fan blades 20 has a curved airfoil section 56 with pres- 
sure and suction sides 55 and 57, respectively, extend- 
ing between airfoil leading and trailing edges LE andTE, 
respectively. The airfoil section 56 is attached to a cir- 
cular arc dovetail root 58 and a transition section 60 of 
the fan blade 20 extends between the airfoil section and 
the root. Referring further to FIG. 4, the fan rotor disk 1 6 
is a multi-bore disk having a rim 62 attached to a number 
of disk hubs 64 with bores 66 by a corresponding 
number of webs 68 circumscribed about the centeriine 
11. Web channels 61 extend axially between the webs 



68 and radially between the rim 62 and the hubs 64. 
[001 3] Three identical hubs are used in the exemplary 
embodiment of the invention illustrated herein, a differ- 
ent number of hubs may be used such as 2 or 4 or more . 

5 The disk of the invention is not limited to identical hubs, 
webs, and bores. The hubs, webs, and bores can have 
different radial and axial dimensions. Because the fan 
blade 20 has a long axial length L relative to an outer 
diameter of the disk 16, noted by a radial distance R1 

10 from a disk outer surface 63 to the engine centeriine 11 , 
a multi-bore disk is more efficient than the traditional sin- 
gle bore disk due to its lighter weight. The multi-bore . : . 
disk of the present invention may also be used in other 
parts of the engine such as in a compressor or turbine. 

15 [0014] Referring to FIG. 4 and FIG. 28, note that the 
rim 62 is radially spaced very close to the hubs 64. The 
web channels 61 are wide and short compared to those 
in conventional disks. The webs channels have relative- 
ly wide channel maximum widths W1 , extending axially 

20 between the webs 68, compared to relatively short 
channel lengths LC extending radially between the rim 
62 and the hubs 64. The channel maximum width W1 is 
on the same order of magnitude as the channel length 
LC. The web channels 61 are substantially rounded and 

25 the webs 68 have relatively large radially inner and outer 
fillets 71 and 73, respectively, and the inner fillet 71 ex- 
tends in a range of about 30 - 70 percent of the channel 
length LC and is illustrated in the exemplary embodi- 
ment as being about 50 percent of the channel length 

30 LC. The web channels are short and wide and, in the 
exemplary embodiment, the webs 68 are formed sub- 
stantially by the inner and outer fillets 71 and 73 which 
have large inner and outer radii of curvature 75 and 77, 
respectively. In general, the inner and outer fillets 71 and 

35 73 form a substantial portion of the web 68. The inner 
fillets 71 are large and have a large inner radius of cur- 
vature 75 to avoid large stress concentrations that can 
build up between the hubs 64 and the webs 68. 
[0015] Referring further to FIGS. 2, 3 and 4, a plurality 

40 of circumferentially spaced apart circular arc dovetail 
slots 52 are disposed through the rim 62 and extend cir- 
cumferentially between disk posts 50, axially from a for- 
ward end 65 to an aft end 67 of the rim, and radially 
inwardly from the disk outer surface 63 of the rim. The 

45 circular arc dovetail slots 52 are used for receiving and 
radially retaining the circular arc dovetail roots 58. 
[0016] The circular arc dovetail root 58, the circular 
arc dovetail slots 52, and the disk posts 50 are arcuate 
and curved normal to and about a radial axis RA. This 

so is exemplified by an arc AR through the disk post 50 
which is circumscribed about the radial axis RA at a ra- 
dius of curvature R. Each of the circular arc dovetail 
roots 58 is designed to slide axially aftwardiy along an 
arc into a corresponding one of a plurality circular arc 

55 dovetail slot 52 and be retained radially and circumfer- 
entially by the disk rim 62 and, more particularly, by the 
posts 50. Each of the posts 50 has an overhang 69 ex- 
tending axially forwardly from the disk rim 62 and are 
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located radially outwardly on the posts. In the exemplary 
embodiment, the disk outer surface 63 of the rim 62 is 
contiguous with the disk posts 50 and the overhangs 69. 
Though the sliding motion is circular along an arc, it is 
also referred to herein as an axially sliding motion. s 
[0017] Referring to FIG. 9, conical undercuts 74 are 
formed in the disk posts 50 within and along the circular 
arc dovetail slot 52. The undercuts 74 extend between 
a conical dovetail slot pressure surface 76 on the disk 
post 50 and the rounded cross-sectional or toroidal por- 
tion within and along the circular arc dovetail slot 52. 
The conical dovetail slot pressure surface 76 is de- 
signed to contact a conical dovetail root pressure sur- 
face 78 on the circular arc dovetail root 58. The under- 
cuts 74 are conical and : in the exemplary embodiment, 
are illustrated as having an undercut angle 81 with re- 
spect to the dovetail slot pressure surface 76 on the disk 
post 50 of about 30 degrees. The contact stresses along 
root in the arc of contact are high during high speed ro- 
tation of the fan blades 20 such as during acceleration 
of the engine and takeoff of the aircraft. The undercuts 
on the posts 50 help alleviate edge of contact stresses. 
[0018] Referring to FIGS. 1 , 4 and 5, the rim 62 has 
circumferentially extending annular burst slots 70 be- 
tween each adjacent pair 72 of the webs 68. The burst 
slots 70 extend radially through the rim 62 into the dove- 
tail slots 52 and provide crack arrestment. The burst 
slots 70 provide severed hoop load paths between rim 
portions 82 of the rim 62 from which the webs 68 depend 
from the rim 62 which resist crack propagation from one 
rim portion 82 of the disk 1 6 to another. In the exemplary 
embodiment, the burst slots 70 have a cross-section in 
the shape of an ogive 85 with a radially outer ogive ra- 
dius 83 and a radially inner ogive radius 84 wherein the 
radially inner ogive radius is substantially larger. 
[0019] Referring further to FIGS. 3 and 4, an annular 
forward extension 86 (a cylindrical annular forward ex- 
tension exemplified herein) has an annular forward 
flange 90 and an annular aft extension flange 87. The 
aft extension flange 87 is bolted to an annular forward 
arm 89 extending forward from a forward most one 88 
of the webs 68 of the disk 16. Alternate embodiments 
include the forward extension 86 being integrally formed 
or cast with and extending forward from the forward 
most one 88 of the webs 68 of the disk 16. An annular 
aft arm 96 (a conical annular aft arm exemplified herein) 
extends axially aftwardly from and is integrally formed 
or cast with an aftward most one 98 of the webs 68 of 
the disk 1 6 and has an annular aft flange 94. The annular 
aft flange 94 is bolted to the fan drive shaft 14 as illus- 
trated in FIG. 1 , thus, connecting the fan disk to the fan 
drive shaft. The forward flange 90 is scalloped having a 
plurality of circumferentially distributed forward bolt 
holes 1 00 through lobes 1 01 between scalloped out sec- 
tions of the forward flange. A plurality of circumferential- 
ly distributed extension lightening holes 102 are dis- 
posed through the forward extension 86 to reduce 
weight of the disk 1 6 and fan assembly 1 2. The forward 



extension 86 is designed with sufficient flexibility and 
length to attenuate or accommodate differential radial 
growth between the disk 16 and a spinner 104. 
[0020] Illustrated in FIGS. 2. 3. 4, 5, 19 and 20 are 
non-integral platlorms 32 (separate from the fan blades 
20) circumferentially disposed between the fan blades 
20. Forward and aft disk lugs 34 and 35 } respectively, 
extend radially outwardly from the posts 50 along the 
disk outer surface 63 of the rim 62 of the disk 16. Each 
of the platforms 32 has a aerodynamically contoured 
platform wall 27 with a radially outer surface 36 which 
faces radially outwardly and defines and maintains an., 
inner fan flowpath that extends axially across the fan 
blade 20. A radially inner surface 236 of the platform 
wall 27 faces radially inwardly. The platform walls 27 are 
sloped with respect to the centerline 11 to provide an 
increasing radius of the outer surface 36 (the Inner fan 
flowpath surface along the platform) in the axially aft di- 
rection. 

[0021] A radially outer corner 45 of the disk post 50 
has a flat chamfer 39 which encompasses a portion of 
the overhang 69 of the disk post. The platform walls 27 
are angled or sloped parallel to the chamfer 39. In the 
exemplary embodiment illustrated herein, the platform 
walls 27 are parallel to and spaced apart a first clear- 
ance C1 , illustrated in FIG. 5, of about 30 mils (.03 inch- 
es) from the chamfer 39 along the radially outer comer 
45 of the overhang 69 of the disk post 50. Further refer- 
ring to FIG. 21 , a wedge shaped platform bumper 238 
depends radially inwardly from the inner surface 236 of 
the platform wall 27. The platform bumper 238, in the 
exemplary embodiment, has a flat bottom surface 240 
and there is about a 50 mil second clearance C2, illus- 
trated in FIG. 5, between the bottom surface and the 
inner surface and disk outer surface 63 along the post 
50. The platform bumper 238, in an alternative embod- 
iment, may have a circumferentially curved bottom sur- 
face contoured to match the circumferentially curved 
disk outer surface 63. 

[0022] Referring to FIGS. 19, 20 and 21 , the platform 
walls 27 have a rectangularly shaped forward portion 
252 and a circumferentially curved aft portion 244. The 
circumferentially curved aft portion" 244 is contoured to 
fit around the curved airfoil section 56 between the airfoil 
leading and trailing edges LE and TE, respectively. The 
circumferentially curved aft portion 244 has pressure 
and suction side edges 262 and 264, respectively, which 
are shaped to conform to the pressure and suction sides 
55 and 57, respectively, of the airfoil section 56. 
[0023] Referring to FIGS. 5 and 17-21, each of the 
platforms 32 has forward, mid, and aft mounting lugs 40, 
42, and 44, respectively, depending radially inwardly 
from the platform wall 27. The forward and aft mounting 
lugs 40 and 44 are located at forward and aft ends 46 
and 48, respectively, of the platform walls 27 and the 
mid mounting lug 42 is axially located therebetween, 
though, not necessarily midway. The mid and aft mount- 
ing lugs 42 and 44 have axially extending mid and aft 
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holes 47 and 49, respectively, therethrough and bush- 
ings 41 disposed within the mid and aft holes. Platform 
materials are typically an aluminum alloy such as 
7075-T73 Aluminum, which cannot take a large bearing 
stress imposed on it by pins used to radially secure or 
retain the platforms 32 to the disk 16 when the fan is 
running at high speeds. The inside of the holes in the 
platform lugs would crush under the bearing load of the 
pins. Therefore, the exemplary embodiment of the 
present invention incorporates the press-fit bushings 41 
in the mid and aft holes 47 and 49 of the platform 32. 
The bushings 41 are made of a harder, material with the 
necessary bearing capability such as Inconel 718. The 
bushings 41 are pressed into the holes with an interfer- 
ence on the order of 1 .5-2.5 mils on diameter. Thus, the 
bearing stress imparted by the pins is attenuated 
through the bushings and does not adversely affect the 
aluminum platform. 

[0024] The rectangularly shaped forward portion 252 
of the platform wall 27 includes a platform leading edge 
140 extending axially forward just past the rim 52 and 
the forward mounting lug 40 depending from the forward 
portion 252 at the platform leading edge over and flush 
with a forward facing circular rim surface 142 as illus- 
trated in FIGS. 5 and 25. A plurality of post holes 214 
extend axially aftwardfy into the circular rim surface 1 42 
at the front of the rim 62. Each post hole 214 extends 
into a corresponding one of the disk posts 50. 
[0025] Each of the forward mounting lugs 40 has a 
forward lug aperture 51 to support a corresponding one 
of a plurality of aftwardfy extending platform pins 220. 
Each platform pin 220 has a smooth cylindrical body 222 
attached to a narrower shank 224. The shank 224 has 
a threaded free end 226 and a smooth portion 228 be- 
tween the smooth cylindrical body 222 and the free end 
226. The smooth portion 228 is disposed through the 
forward lug aperture 51 to provide a good smooth cylin- 
drical load bearing surface in contact with the forward 
mounting lug 40. The smooth portion 228 is as long as 
the width or thickness of the forward lug aperture 51 . An 
internally threaded countersunk nut 230 is screwed onto 
the free end 226 to secure the platform pin 220 to the 
forward mounting lugs 40. The countersunk nut 230 has 
a small unthreaded portion 232 with a countersink be- 
fore threads in the nut. 

[0026] Referring to FIGS. 5 and 25, a deep first coun- 
terbore 1 52 axially extends through each of the forward 
disk lugs 34 up to a back wall 144 of the counterbore at 
an aft end 156 of the forward disk lug. A first bolt hole 
1 54 that is co-axial with the first counterbore 1 52 axially 
extends through the back wall 144. A forward pin 150 
also has a smooth cylindrical body 159 attached to a 
narrower shank 161 as discussed above. The shank 
161 has the threaded free end 226 and a smooth portion 
228 between the smooth cylindrical body 1 59 and the 
free end 226. The smooth cylindrical body 159 of the 
forward pin 150 is tightly disposed in the first counter- 
bore 152. The narrower smooth portion 228 of the for- 



ward pin 150 is disposed through first bolt hole 154 that 
axially extends through the back wall 144 of the forward 
disk lugs 34. The smooth cylindrical body 159 and the 
first counterbore 152 have substantially the same first 
5 diameter 160, the first bolt hole 154 has a second diam- 
eter 1 62, and the first diameter is larger than the second 
diameter. An internally threaded countersunk nut 230 is 
screwed onto the free end 226 of the shank 161 to se- 
cure the forward pin 150 to the forward disk lug 34. 
10 [0027] An aft aperture 170 axially extends through 
each of the aft disk lugs 35 and aligns with a correspond- 
ing one of the inner apertures 1 74 in the annular mount- 
ing plate 29. Each of the inner bolt assemblies 30 has 
a carriage bolt 180 disposed through the aft aperture 
170 and the inner aperture 174. Each of the carriage 
bolts 1 80 has a bolt head 1 82 engaging the aft disk lugs 
35 and attached to a shank 1 76 with a threaded free end 
178 and a smooth portion 188 between the bolt head 
182 and the free end 178. The smooth portion extends 
through the aft aperture 170 and the inner apertures 
174. The carriage bolt 1 80 is secured by a countersunk 
nut 190 screwed onto the free end 178 to connect the 
aft disk lugs to the plate 29. Interference fits between 
the countersunk nuts 190 and the mounting plate 29 
holds the nuts in place when the bolt heads 182 are 
torqued to tighten the inner bolt assemblies. 
[0028] A plurality of forwardly extending aft pins 200 
are mounted upon the annular mounting plate 29. Each 
aft pin 200 has a smooth cylindrical body 202 attached 
to a narrower shank 204. Theshank204 hasathreaded 
free end 206 and a smooth portion 207 between the 
smooth cylindrical body 202 and the free end 206. The 
smooth cylindrical body 202 extends axially forward of 
the plate. The smooth portion 207 is disposed through 
a corresponding one of the radially outer apertures 208 
in the annular mounting plate 29. An internally threaded 
countersunk nut 210 is screwed onto the free end 206 
to secure the aft pin 200 to the annular mounting plate 
29. The countersunk nut 210 has a small unthreaded 
portion 232 with a countersink before threads in the nut. 
Each of the aft pins 200 is disposed in a corresponding 
one of the aft holes 49 in the aft mounting lugs 44. 
[0029] Referring again to FIGS. 19; 20 and 21, cir- 
cumferentially curved aft stiffening ribs 270 extend be- 
tween the mid and aft mounting lugs 42 and 44. The aft 
stiffening ribs 270 extend substantially parallel to and 
spaced a first distance 272 inwardly from the pressure 
and suction side edges 262 and 264, respectively. Cir- 
cumferential ly curved forward stiffening ribs 271 extend 
axially from the mid mounting lug 42 to a forward edge 
274 of the platform bumper 238, about where the wedge 
shaped platform bumper 238 begins to depend radially 
inwardly from the inner surface 236 of the platform wall 
27. The forward stiffening ribs 271 are tapered or blend- 
ed down to the inner surface 236 of the platform 32, such 
that at any axial position, the height of the forward stiff- 
ening ribs is less than the height of the platform bumper 
238 along an axially extending bumper length 239. The 
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platform bumper 238 provides additional stiffness to 
control the stress and deflection of the platform 32 and 
platform wall 27 during ice or bird impacts in this region. 
The platform bumper 238 creates a load path from the 
thin platform wall 27 into the top of the disk post 50 and 
limits deflections (and thus stresses) in case of such an 
impact event. 

[0030] Each of the platforms 32 is mounted on the disk 
16 between two adjacent ones of the fan blades 20. 
First, two adjoining fan blades are mounted on the disk 
1 6 by circularly sliding the dovetail roots 58 into the cor- 
responding dovetail slots 52 until a notch 59 (see FIGS. 
5 and 1 7) in the transition section 60 of the fan blade 20 
contacts the annular mounting plate 29. Thus, the an- 
nular mounting plate 29, considered part of the rotatable 
booster spool 28. provides attwardly axial retention of 
the fan blade 20. Then a platform 32 is mounted on the 
disk in between the two adjacent mounted fan blades 
20 by circumferentially aligning the platform pin 220, the 
forward pin 1 50 , and the aft pin 200 with the correspond- 
ing post holes 214 and bushings 41 in the mid and aft 
holes 47 and 49, respectively, and sliding the platform 
axially aftwardly such that the pins are inserted into their 
corresponding holes and bushings. This essentially 
forms a pin and clevis means for radially and circumfer- 
entially retaining the platform 32 to the disk 1 6, the plate 
29, and the booster spool 28. 

[0031] Referring to FIGS. 9, 1 2 and 1 3, a circular arc 
shaped spacer 290 is disposed,within each of the dove- 
tail slots 52 between a dovetail slot bottom wall 292, be- 
tween the disk posts 50, and an axially extending root 
bottom surface 296 of the fan blade dovetail root 58 for 
exerting a radially outwardly directed force or pre-load 
upon the blade dovetail root in order to limit relative mo- 
tion between the rotor blade and the rotor disk. The 
spacer 290 includes a backbone 300 with forward, mid 
and aft dovetail lands 302, 304 and 308, respectively, 
disposed along backbone. The backbone 300 and the 
forward, mid, and aft dovetail lands 302, 304 and 308, 
respectively, have bottom curved backbone surfaces 
310 continuous and co-extensive with the dovetail slot 
bottom wall 292. Each of the forward, mid and aft dove- 
tail lands 302, 304 and 308 has a riser 312 that extends 
radially above the backbone 300 and has a flat top 314. 
A spacer tab 320 extends generally axially forward of 
the forward land 302 and includes intersecting axially 
and radially extending tab apertures 316 and 318, re- 
spectively. The spacer tab 320 has a rectangular cross- 
section 321 and extends out of forward face 322 of the 
forward land 302. The spacer tab 320 also has a flat top 
324 that is co-planar with the flat tops 314 of the risers 
312 of each land. The spacer's backbone 300, and for- 
ward, mid and aft dovetail lands 302, 304 and 308, and 
the spacer tab 320 are curved along a circular arc nor- 
mal to and about the radial axis RA extending radially 
from the engine centerline 11 . In the exemplary embod- 
iment, the spacer tab 320 is curved along a circular arc 
normal as described above, in alternative embodiments, 



it can be at an angle or straight as it extends out of for- 
ward face 322 of the forward land 302. The mid dovetail 
land 304 has a spacer undercut 340, about 6 degrees 
in the exemplary embodiment illustrated herein and oth- 

5 er angles may be used, to allow up to 6 degrees of con- 
trolled rotation to the blade. Once the mid dovetail land 
304 of the spacer contacts the dovetail slot bottom wall 
292, the blade is then limited in circumferential rotation. 
The middle spacer is designed to work in conjunction 

10 with a bladeout bumper 400 on the disk rim that also 
allows up to 6 degrees of rotation away from the blade 
shank. The bladeout bumper 400 an d the spacer under- 
cut 340 are designed to contact at the same time and 
act in parallel to limit the rotation of the blade to 6 de- 

'5 grees. 

[0032] In one embodiment, a void 330 around the 
spacer's backbone 300 and between the forward and 
aft dovetail lands 302 and 308 is filled with an elasto- 
meric material 332 to provide a soft interference with the 
disk by surrounding the parent metal of the backbone 
spacer 290 with the elastomeric material as illustrated 
in FIGS. 1 3 , 22, 23 and 24. With the void filled, the spac- 
er has continuous axially extending curved edges 319 
that smoothly arcs the curved normal to and about the 
radial axis RA. The filled void also provided the spacer 
with a constant shape and size cross-sectional area A 
between the forward and aft dovetail lands 302 and 308. 
This soft interference provides some anti-rotation capa- 
bility for the blade by keeping the pressure faces in full 
contact. The forward, mid and aft dovetail lands 302, 
304 and 308, respectively, are disposed along the back- 
bone 300 such that the burst slots 70 are located be- 
tween the forward, mid, and aft dovetail lands 302, 304, 
and 308 so that dovetail lands fully contact metal of the 
disk as illustrated in FIG. 10. 

[0033] The spacer is provided to hold the blades ra- 
dially outwardly and to prevent unwanted rotation and 
failure of trailing fan blades during a bladeout event 
when a released fan blade impacts a first trailing fan 
blade. The first trailing blade rotates circumferentially 
and, in the case of a circular arc dovetail, it causes a 
dovetail load up on point locations which jeopardized the 
integrity of the dovetail of the first trailing blade. The 
blade needs to be prevented from rotating too much and 
loading the corners up. 

[0034] The spacer 290 is slid into the dovetail slot 52 
between the dovetail slot bottom wall 292 and the root 
bottom surface 296 of the fan blade dovetail root 58 after 
the fan blade 20 and the two adjacent platforms have 
been on the rim 62 of the disk 1 6. Pairs of circumferen- 
tially oppositely facing retaining slots 352 are cut 
through the overhang 69 of circumferentially adjacent 
disk posts 50 at an axial location in an aftwardmost end 
of the overhang 69 where the overhang 69 of the disk 
post 50 begins to extend axially forward from the rim 62. 
The spacer 290 is slid aftwardly till the tab 320 clears 
the retaining slots 352. Afterwards, referring to FIG. 12, 
a retainer 350 is used to axially lock fan blade 20 in 
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place. 

[0035] Note that the spacer may also be straight for 
use in a straight dovetail slot. In such an embodiment, 
the backbone is straight and the forward, mid and aft 
dovetail lands would be axially straight and disposed ax- 
ially along the backbone. 

[0036] Referring to FIGS. 14, 15 and 16, the retainer 
350 is generally a monolithic block 360 having a block 
thickness D1 with a retainer wall 362 depending radially 
inwardly from the block and having a smaller retainer 
wall thickness D2. A rectangular shelf 364 normal to and 
extending axially forward of the retainer wall 362is dis- 
posed along a radially inner edge 366 of the retainer 
wall. In the exemplary embodiment, the retainer slot 368 
is rectangular and disposed through the retainer wall 
362 between along the rectangular shelf 364. The re- 
tainer slot 368 has a shape and size to allow the spacer 
tab 320 to be slid through the slot. !n the exemplary em- 
bodiment illustrated herein, the retainer slot 368 is arced 
or curved sideways and, in an alternative embodiment, 
is skewed with respect to a shelf centeriine 365 extend- 
ing axially down the middle of the shelf 364. The spacer 
tab 320 is also curved and, in an alternative embodi- 
ment, skewed with respect to the shelf centeriine 365 
as can be seen in FIG. 10. A radially extending shelf 
aperture 370 is disposed through the rectangular shelf 
364 and located to align with the radially extending tab 
aperture 318. A raised retainer land 371 extends aft- 
wardly off a retainer backside 374 of the retainer 350. 
The retainer land 372 has a shape designed to effec- 
tively contact an axially forward facing flat 41 4 along the 
dovetail root 58 as illustrated in FIGS. 1 7 and 1 8. Before 
the retainer 350 is installed, a forward seal 410 is in- 
stalled between the blade 20, the forward stiffening ribs 
271 and the platform, and trapped in place by the retain- 
er 350. The forward seal 410 closes potential leak paths 
at the leading edge of the blade without introducing com- 
plications to platform side seals bonded to the pressure 
and suction side edges 262 and 264, respectively, of the 
platform 32. 

[0037] After the spacer 290 is slid aftward in the dove- 
tail slot 52, the retainer is raised from under the over- 
hang 69 of the disk posts 50 into, the circumferentially 
oppositely facing retaining slots 352. When the retainer 
350 Is in place in the retaining slots 352, it extends 
across the dovetail slot 52 axially retaining the fan blade 
dovetail root 58 in the dovetail slot 52. The spacer 290 
is slid forward and the rectangular spacer tab 320 slides 
into the retainer slot 368. This can be accomplished us- 
ing a tool that easily engages and disengages the spac- 
er tab 320 through the axially extending tab aperture 
316. The spacer tab 320 and the spacer 290 are posi- 
tioned such that the shelf aperture 370 is aligned with 
the radially extending tab aperture 318. Then a spacer 
bolt 373 having a spacer bolt head 379 and a threaded 
spacer bolt shank 376 is inserted through the bottom of 
the shelf aperture 370 and upwards though the radially 
extending tab aperture 318. A spacer nut 378 is then 



threaded and tightened onto the spacer bolt shank 376 
such that the spacer nut engages the spacer tab 320 
and the spacer bolt head 379 engages the rectangular 
shelf 364. 

5 [0038] Referring to FIGS. 26 and 27, platform side 
seals denoted and referred to herein as pressure and 
suction side angled seals 403 and 401 , respectively, 
have flat seal bases 402 attached or bonded, such as 
with an epoxy, to and axially extending along the inner 

10 surface 236 of the platform 32. Pressure and suction 
side angled seals 403 and 401 are disposed between 
the aft and forward stiffening ribs 270 and 271 and the.- 
pressure and suction side edges 262 and 264, respec- 
tively. Angled seal legs 404 depend radially inwardly 

is from the seal bases 402 . The pressure and suction side 
angled seals 403 and 401 have a cross-section that 
changes along the axial length of the angled seals to 
conform to the shape of the fan blade 20 against which 
it seals. 

20 [0039] Referring to FIGS. 17 and 18, before the re* 
tainer 350 is installed, a forward seal 410 is inserted in 
an annular space 412 formed between the blade 20, the 
forward stiffening ribs 271 of adjacent platforms 32, and 
the inner surface 236 of the adjacent platforms, the ax- 

25 ially forward facing flat 414 along the dovetail root 58, 
and a rabbet 416 between the forward facing flat 414 
and the leading edge LE of the airfoil section 56. The 
forward seals 41 0 in the exemplary embodiment are cy- 
lindrical in shape. Each of the forward seals 410 is in- 

30 serted up through the retention slots 352 to rest between 
and seal against the blade 20, the forward stiffening ribs 
271 of the pressure and suction side edges 262 and 264 
of adjacent platforms 32, and the inner surfaces 236 of 
the adjacent platforms 32. Afterwards, the retainer 350 

35 is installed. The forward seals 41 0 and the pressure and 
suction side angled seals 403 and 401 are made of sil- 
icon or some other elastomeric material. 
[0040] An annular aft seal 430 is attached or bonded, 
such as with an epoxy, to the annular mounting plate 29. 

40 The aft seal 430, in the exemplary embodiment, has a 
circular cross-sectional shape such that the aft seal may 
be described as a hoop. The aft seal 430 is disposed 
along the annular mounting plate 29 and radially inward- 
ly of the platforms 32 so as to seal a gap defined by the 

45 mounting plate, the trailing edge TE of the blade 20, and 
adjacent platforms around the blade. 
[0041] Referring to FIGS. 2, 3, 9 and 10, the fan disk 
soft bladeout bumper 400 is disposed on the forward 
disk lug 34 to prevent a fan blade 20 released during a 

so bladeout event from impacting an adjacent trailing fan 
blade. The bladeout bumper 400 includes a circumfer- 
entially extending appendage 440 on the forward disk 
lug 34 and extends toward the suction side 57 of the 
airfoil section 56 of the fan blade 20, illustrated in phan- 

55 torn in FIG. 10. The adjacent trailing fan blade rotates 
circumferentially and, for a fan blade with a circular arc 
dovetail root, the rotation causes the dovetail root to load 
up on point locations which jeopardize the integrity of 
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the dovetail root. The blade needs to be prevented from 
rotating too much and loading the corners up. The 
bladeout bumper 400 is designed to work with a fan 
blade 20 that has fan blade lightening holes 432 such 
as illustrated in FIG. 11. The bladeout bumper 400 is 
located axially to ensure that the contact is made at an 
axial contact location 434 between the fan blade light- 
ening holes 432 instead of at a fan blade lightening hole. 
To further ensure minimal loading, the bladeout bumper 
400 is wider than previous similar bumpers and axially 
spans from a hole centerline 435 of one fan blade light- 
ening hole 432 to the hole centerline of an adjacent fan. 
blade lightening hole. The circumferentially extending 
appendage 440 includes a circumferentially facing 
bumper surface 442 that faces the suction side 57 and 
has a soft coating 436 made of a metallic material such 
as metallic thermal spray material. The soft coating 436 
is designed to contact the fan blade 20 and the coating 
is made of a material softer than the material of the fan 
blade, thus, limiting damage to the blade. In the exem- 
plary embodiment, the bumper surface 442 is contoured 
to the shape of the blade 20 at a location at the axial 
contact location 434. 

[0042] Referring to FIGS. 6 ; 7 and 8, the spinner 104 
is attached to the forward flange 90 of the forward ex- 
tension 86 and, thus, is connected to the disk 16. The 
spinner 1 04, as illustrated in the exemplary embodiment 
herein, has a hollow body with a substantially conical 
shape and is a single piece spinner. The spinner 104 
has tip 106 from which a forward conical section 107 
extends aftwardly to transition section 108. An aft coni- 
cal section 109 extends aftwardly from the transition 
section 108. The forward and aft conical sections 107 
and 1 09 have different cone angles. A plurality of bosses 
110 are circumferentially distributed around an inner 
surface 112 of spinner 104 illustrated herein at an axial 
location generally corresponding to a location within the 
transition section 1 08 between the forward and aft con- 
ical sections 107 and 109 of the spinner. A plurality of 
boss counterbores 117 axially adjacent and forward of 
and co-axial with boss bolt holes 1 1 8 in the spinner 1 04. 
Each of the boss counterbores 11 7 and corresponding 
ones of the boss bolt holes 118 extend axially parallel 
to the centerline 11 through the spinner 104 and each 
of bosses 110. Spinner bolts 120 are disposed through 
bolt hole 118 and are threaded into spinner nuts 122 
swaged into the forward boll holes 100 in the annular 
forward flange 90 and secure the spinner 1 04 to the an- 
nular forward flange 90 and the disk 16. The spinner 
nuts 122 are shank nuts which provide anti-rotation of 
the nuts when swaged into the forward bolt holes. 
[0043] An aft spinner flange 126 is attached to an ax- 
ially aft spinner end 1 28 of the aft conical section 1 09 of 
the spinner 1 04. A plurality of flange tightening holes 1 34 
axially disposed through the aft spinner flange 126 are 
circumferentially distributed around the aft spinner 
flange. The flange lightening holes 1 34 are sized large 
enough with a large clearance to allow the threaded for- 



ward shank portions of the platform pins 220 to easily 
pass through the flange lightening holes when the spin- 
ner is mated and fastened to the forward flange 90 of 
the forward extension 86. The exemplary embodiment 
s has more flange lightening holes 1 34 than platform pins 
220. The spinner 104 is illustrated herein as having a 
bi-conical shape having the forward conical section 1 07 
and the aft conical section 1 09 connected by the transi- 
tion section 108. Other shapes are contemplated by the 
present invention. 

[0044] The platform pins 220 in the post holes 214 
provide radial retention for the forward portion of the 
platform. The forward mounting lugs 40 of the platform 
32 are trapped between the forward facing circular rim 
surface 1 42 of the rim 62 and the aft spinner flange 1 26 , 
thus, providing axial retention for the platform as a 
whole. 

[0045] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

1 . A gas turbine engine blade spacer (290) compris- 
ing: 

an axially extending backbone (300), 
spaced apart forward, mid and aft dovetail 
lands (302, 304 and 308), respectively, dis- 
posed along said backbone, 
said backbone (300) and said forward, mid, and 
aft dovetail lands (302, 304 and 308) having 
bottom curved backbone surfaces (310), and 
each of said forward, mid and aft dovetail lands 
having a riser (312) that extends above said 
backbone (300) and having a riser flat top 
(314). 

2. A spacer as defined in clause 1 further compris- 
ing a spacer tab (320) extending generally axially 
forward of said forward land (302) and includes in- 
tersecting axially and radially extending tab aper- 
tures (316 and 318). 

3. A spacer as defined in clause 1 further compris- 
ing: 

a void (330) extending around said backbone 
(300) and between said forward and aft dovetail 
lands (302 and 308), 

said void filled with an elastomeric material 
(332), and 

a constant shape and size cross-section be- 
tween said the forward and aft dovetail lands. 

4. A spacer as defined in clause 2 further compris- 
ing a spacer tab (320) extending generally axially 
forward of said forward land (302) and said tab hav- 
ing intersecting axially and radially extending tab 
apertures (316 and 318). 



15 



20 



25 



30 



35 



40 



45 



50 



9 



17 



EP 1 209 322 A2 



18 



5. A spacer as defined in clause 4 wherein said 
spacer tab (320) has a rectangular cross-section 
(321 ), extends axially out of a forward face (322) of 
said forward land (302), and has a tab flat top (324) 
that is co-planar with said riser flat tops (314) of said 5 
risers (312). 

6. A spacer as defined in clause 1 wherein said 
spacer (290) is a circular arc shaped spacer (290) 
and said backbone (300), and said forward, mid and 10 
aft dovetail lands (302, 304 and 308) are curved 
along a circuJar arc normal to. and about a radial axis 
(RA). 

7. A spacer as defined in clause 6 further compris- '5 
ing: 

a void (330) extending around said backbone 
(300) and between said forward and aft dovetail 
lands (302 and 308), 20 
said void filled with an elastomeric material 
(332), and 

a constant shape and size cross-section be- 
tween said the forward and aft dovetail lands. 

25 

8. A spacer as defined in clause 7 further compris- 
ing a spacer tab (320) extending generally axially 
forward of said forward land (302) and said tab hav- 
ing intersecting axially and radially extending tab 
apertures (316 and 318). 30 

9. A spacer as defined in clause 8 wherein said 
spacer tab (320) has a rectangular cross-section 
(321 ), extends axially out of a forward face (322) of 
said forward land (302), and has a tab flat top (324) 35 
that is co-planarwith said riserflattops (314) of said 
risers (312). 

10. A gas turbine engine rotor disk assembly com- 
prising: 40 

a number of annular hubs (64) circumscribed 
aboutacentertine(11), 

each of said hubs connected to a disk rim by a 
web (68), 45 
a plurality of circumferentially spaced apart 
dovetail slots (52) disposed through said rim 
(62), extending circumferentially between disk 
posts (50), extending axially from a forward end 
(65) to an aft end (67) of said rim, and extending so 
radially inwardly from a disk outer surface (63) 
of said rim, 

a plurality of fan blades (20) having dovetail 
roots (58) disposed in said dovetail slots (52), 
a plurality of blade spacers (290) each of which 55 
is disposed within each of said dovetail slots 
(52) between a dovetail slot bottom wall (292) 
and an axially extending root bottom surface 



(296) of said dovetail root (58), 

each of said blade spacers (290) comprising: 

an axially extending backbone (300), 
spaced apart forward, mid and aft dovetail 
lands (302, 304 and 308), respectively, dis- 
posed along said backbone, 
said backbone (300) and said forward, mid, 
and aft dovetail lands (302, 304 and 308) 
having bottom curved backbone surfaces 
(310), and 

each of said forward, mid and aft dovetail 
lands having a riser (312) that extends 
above said backbone (300) and having a 
riser flat top (314). 

11. An assembly as defined in clause 10 wherein 
said spacer further comprises a spacer tab (320) 
extending generally axially forward of said forward 
land (302) and includes intersecting axially and ra- 
dially extending tab apertures (316 and 318). 

12. An assembly as defined in clause 11 wherein 
said spacer further comprises: 

a void (330) extending around said backbone 
(300) and between said forward and aft dovetail 
lands (302 and 308), 

said void filled with an elastomeric material 
(332), and 

a constant shape and size cross-section be- 
tween said the forward and aft dovetail lands. 

13. An assembly as defined in clause 12 wherein 
said spacer tab (320) has a rectangular cross-sec- 
tion (321), extends axially out of a forward face 
(322) of said forward land (302), and has a tab flat 
top (324) that is co-planar with said riser flat tops 
(314) of said risers (312). 

14. An assembly as defined in clause 10 wherein: 

said dovetail slots are circular arc dovetail slots 
(52) disposed through said rim (62), 
said dovetail roots are circular arc dovetail 
roots (58), 

said spacer is a circular arc shaped spacer 
(290), and 

said backbone (300) , and said forward, mid and 
aft dovetail lands (302, 304 and 308) are curved 
along a circular arc normal to and about a radial 
axis (RA). 

15. An assembly as defined in clause 14 wherein 
said spacer further comprises: 

a void (330) extending around said backbone 
(300) and between said forward and aft dovetail 
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lands (302 and 308), 

said void filled with an elastomeric material 
(332), and 

a constant shape and size cross-section be- 
tween said the forward and aft dovetail lands. 5 

16. An assembly as defined in clause 15 wherein 
said spacer further comprises a spacer tab (320) 
extending generally axially forward of said forward 
land (302) and said tab having intersecting axially 10 
and radially extending tab apertures (31 6 and 31 8). 

17. An assembly as defined in clause 16 further 
comprising circumferentially extending annular 
burst slots (70) extending radially through said rim 15 
(62) into said dovetail slots (52) between each ad- 
jacent pair (72) of said webs (68). 

18. An assembly as defined in clause 17 wherein 
said forward, mid, and aft dovetail lands (302, 304, 20 
and 308), respectively, are located along said back- 
bone (300) such that said burst slots (70) are locat- 
ed between said forward, mid, and aft dovetail lands 
(302, 304, and 308). 

25 

1 9. An assembly as defined in clause 1 8 wherein 
said spacer tab (320) has a rectangular cross-sec- 
tion (321), extends axially out of a forward face 
(322) of said forward land (302), and has a tab flat 
top (324) that is co-planar with said riser flat tops 30 
(314) of said risers (312). 

20. An assembly as defined in clause 14 further 
comprising: 

35 

pairs of circumferentially oppositely facing re- 
taining slots (352) extend through overhangs 
(69) of circumferentially adjacent pairs of said 
disk posts (50) at an axiai location where said 
overhangs (69) begin extending axially forward *o 
from said rim (62), 

retainers (350) disposed in said pairs of retain- 
ing slots (352), 

said retainers (350) extending across said 
dovetail slot (52) so as to axially retain said ** 
dovetail roots (58) in said dovetail slots, and 
each of said retainers (350) is radially support- 
ed by a corresponding one of said spacers and 
each of said retainers includes a rectangular 
slot (368) through which is disposed through so 
which is disposed a corresponding one of said 
spacer tabs (320). 

21 . An assembly as defined in clause 20 wherein 
said retainer includes a shelf radially below said slot 55 
(368) and upon which said spacer tab rests. 

22. An assembly as defined in clause 21 further 



comprising: 

a radially extending shelf aperture (370) dis- 
posed through said shelf (364) and aligned with 
said radially extending tab aperture (318) : 
a spacer bolt (373) having a spacer bolt head 
(379) and a threaded spacer bolt shank (376), 
said spacer bolt shank is disposed through said 
shelf aperture (370) and said radially extending 
tab aperture (318) such that said spacer bolt 
head (379) engages said shelf (364), and 
a spacer nut (378) is threadingly secured on 
said spacer bolt shank (376) such that said 
spacer nut engages said spacer tab (320). 



Claims 

1. A gas turbine engine blade spacer (290) compris- 
ing: 

an axially extending backbone (300), 
spaced apart forward, mid and aft dovetail 
lands (302, 304 and 308), respectively, dis- 
posed along said backbone, 
said backbone (300) and said forward, mid, and 
aft dovetail lands (302, 304 and 308) having 
bottom curved backbone surfaces (310), and 
each of said forward, mid and aft dovetail lands 
having a riser (312) that extends above said 
backbone (300) and having a riser flat top 
(314). 

2. A spacer as claimed in claim 1 further comprising a 
spacertab (320) extending generally axially forward 
of said forward land (302) and includes intersecting 
axially and radially extending tab apertures (316 
and 318)/ 

3. A spacer as claimed in claim 1 or claim 2 wherein 
said spacer tab (320) has a rectangular cross-sec- 
tion (321), extends axially out of a forward face 
(322) of said forward land (302), and has a tab flat 
top (324) that is co-planar with said riser flat tops 
(314) of said risers (312). 

4. A spacer as claimed in claim any one of claims 1 to 
3 further comprising: 

a void (330) extending around said backbone 
(300) and between said forward and aft dovetail 
lands (302 and 308), 

said void filled with an elastomeric material 
(332), and 

a constant shape and si2e cross-section be- 
tween said the forward and aft dovetail lands. 

5. A spacer as claimed in any one of claims 1 to 4 
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wherein said spacer (290) is a circular arc shaped 
spacer (290) and said backbone (300). and said for- 
ward, mid and aft dovetail lands (302, 304 and 308) 
are curved along a circular arc normal to and about 
a radial axis (RA). 5 

6. A gas turbine engine rotor disk assembly compris- 
ing: 

a number of annular hubs (64) circumscribed io 
about a centerline (11), each of said hubs con- 
nected to a disk rim by a web (68), . 
a plurality of circumferentially spaced apart 
dovetail slots (52) disposed through said rim 
(62), extending circumferentially between disk is 
posts (50), extending axially f rom a forward end 
(65) to an aft end (67) of said rim, and extending 
radially Inwardly from a disk outer surface (63) 
of said rim, 

a plurality of fan blades (20) having dovetail 20 
roots (58) disposed in said dovetail slots (52), 
a plurality of blade spacers (290) each of which 
is disposed within each of said dovetail slots 
(52) between a dovetail slot bottom wall (292) 
and an axially extending root bottom surface 25 
(296) of said dovetail root (58), 
each of said blade spacers (290)being in ac- , 
cordance with any one of claim 1 to 5. 

7. An assembly as claimed in claim 6 wherein: 30 

said dovetail slots are circular arc dovetail slots 
(52) disposed through said rim (62), 
said dovetail roots are circular arc dovetail 
roots (58), 35 
said spacer is a circular arc shaped spacer 
(290), and 

said backbone (300), and said forward, mid and 
aft dovetail lands (302, 304 and 308) are curved 
along a circu lar arc normal to and about a radial *o 
axis (RA). 

8. An assembly as claimed in claim 6 further compris- 
ing circumferentially extending annular burst slots 
(70) extending radially through said rim (62) into « 
said dovetail slots (52) between each adjacent pair 
(72) of said webs (68). 

9. An assembly as claimed in claim 8 wherein said for- 
ward, mid, and aft dovetail lands (302, 304, and so 
308), respectively, are located along said backbone 
(300) such that said burst slots (70) are located be- 
tween said forward, mid, and aft dovetail lands (302, 
304, and 308). 

55 

10. An assembly as claimed in claim 7 further compris- 
ing: 



pairs of circumferentially oppositely facing re- 
taining slots (352) extend through overhangs 
(69) of circumferentially adjacent pairs of said 
disk posts (50) at an axial location where said 
overhangs (69) begin extending axially forward 
from said rim (62), 

retainers (350) disposed in said pairs of retain- 
ing slots (352), 

said retainers (350) extending across said 
dovetail slot (52) so as to axially retain said 
dovetail roots (58) in said dovetail slots, and 
each of said retainers (350) is radially support- 
ed by a corresponding one of said spacers and 
each of said retainers includes a rectangular 
slot (368) through which is disposed through 
which is disposed a corresponding one of said 
spacer tabs (320). 
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